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ABSTRACT

The purpose of this study was to compare the effects of three
durations of time and three intensities of exercise upon peripheral
vision and depth perception of women.

A secondary purpose was to

determine the correlation between peripheral vision and depth per
ception prior to and after participation in exercise.
One-hundred eighty women between the ages of 18 and 35 served
as subjects.

Each subject was assigned to one of nine work-time groups

and within each work-time group each subject was randomly assigned to
an order of measurement.

Subjects designated as order 1 were tested

first on peripheral vision and then on depth perception prior to and
after exercise.

Subjects designated as order 2 were tested first oh

depth perception and then on peripheral vision prior to and after
exercise.

A Light Work load was defined as a heart rate range between

125-130 beats per minute.

A Moderate Work load was defined as a heart

rate range between 155-160 beats per minute.

A Heavy Work load was

defined as a heart rate range between 175-180 beats per minute.
work-time groups were designated as follows:.

The

Light Work— -5 minutes,

10 minutes, 15 minutes; Moderate Work— 5 minutes, 10 minutes, 15 minutes
and Heavy Work— 5 minutes, 10 minutes, 15 minutes.
Subjects met individually with the experimenter for one testing
i

session.

The testing session consisted of an orientation period in

which the testing equipment and procedures were explained and demon
strated.

The actual testing consisted of -three measurements of

peripheral vision in the left eye and the right eye with the perimeter
viii

and ten trials of depth perception with the Howard-Dolman Apparatus.
These measurements were recorded in fractions of inches and the order
of test administration was alternated.

The subject was then in

structed to pedal the bicycle ergometer while the work level was
adjusted to assure a progressive approach to the assigned heart rate
in the prescribed period of time.

Heart rate was monitored by palpation

of the radial artery during the last fifteen seconds of each minute of
work.

The work load was adjusted to achieve the assigned work level

by increasing both the belt tension of the ergometer using a range
of 0-3 kiloponds and the pedal speed using a range of 15-20 mph.

At

the conclusion of the work-time load* post-exercise measurements of
peripheral vision and depth perception were made in the same manner
as described for pre-exercise measurements.
Analysis of data included t-tests, two 2 x 3 x 3

factorial

analyses of covariance, and Pearson-Product-Moment correlations.
The t-test was used to determine whether any significant changes
occurred between the pre- and post-exercise measurements of peripheral
vision and depth perception.

Analysis of covariance was used to

determine whether any significant differences existed among the
conditions of exercise in peripheral vision and depth perception.
The factorial design permitted comparisons of intensity and duration
of exercise, order of measurement, and the interaction of these
variables on peripheral vision and depth perception measures.

The

Pearson-Product-Moment correlation was utilized to determine the
relationship between peripheral vision and depth perception before
and after exercise.

The results of the study indicated:
1.

Exercise improves peripheral vision.

2.

Various conditions of duration and intensity of exercise

from a very mild, short period of exercise to a strenuous, prolonged
work-bout apparently has no differential effects on peripheral vision
improvement.
3.

Exercise does not Improve depth perception.

4.

It appears that a negative relationship between peripheral

vision and depth perception develops as a result of exercise.

CHAPTER 1

INTRODUCTION

Much information is available concerning the effect of physical
activity on the respiratory, circulatory, skeletal and muscular systems.
In contrast, the visual system as it relates to sports performance has
received very little attention in the professional literature of physical
education.

A review of the published literature in physical education

indicates that vision research has been restricted to such areas of
investigation as studies dealing with the relationship between vision
apd perceptual measures such as accuracy of movement and balance;
studies which compare athletes to non-athletes on certain factors of
vision; studies involving depth perception; and studies involving
recognition of color in the visual field.

1

Very little research has

been directed to investigating the effect of physical activity upon
aspects of vision.
Although little information is available concerning the effect
of exercise upon the visual system there is a considerable amount of
information available as to how the eye "sees."

The retina> the inner

most coat of the eyeball, is the delicate membrane of tissue responsible
for receiving the images of external objects and transmitting the
impulses evoked by them to the center of sight in the cortex of the
cerebrum.

The rods and cones, located at the seventh layer of the cells

J. Crathy Bryant, Movement Behavior and Motor Learning (2d ed.;
Philadelphia: Lea and Febiger, 1967), p. 99.

1

and membranes which compose the retina are the

receivers of the light

and color waves which enter the eye.

and cones connect the

The rods

light energy to nerve impulses which are transmitted to the brain by
the optic nerve.

It is believed that the impulses are transmitted from

the brain to various association areas, where they awaken memories that

2
enable one to interpret the meaning of the visual sensation.

The rods

permit light and dark discrimination and form and movement perception
but provide poor visual acuity.

In contrast, the cones are responsible
3

for visual acuity and for the ability to discriminate among colors.
In addition to the ability to interpret form, color, and movement,
the eye can also interpret depth and distance.
either one or both eyes.

This can be

However, the value of two eyes

donewith

is that a more

accurate interpretation of depth and distance is possible.

Studies

investigating monocular and binocular depth perception indicate that
monocular depth perception consistently underestimates the size and
4
overestimates the distance of targets presented.
It appears that the physiology of vision is well explained.
However, the effects of physical activity upon the functions of the eye
have not been explained, extensively investigated, or even generally

York:

Diana C. Kimber et al., Anatomy and Physiology (15th ed.:
The Macmillan Company, 1966), pp. 340-344,

New

3Ibid.
4

C.
W. Crannell and G. Peters, "Monocular and Binocular Estimates
of Distance When Knowledge of the Relevant Space Is Absent," Journal of
Psychology, 76:157-67, November, 1970; R. Fried, "Monocular and Binocular
Comparison of Apparent Size," American Journal of Psychology, 77:476-79,
September, 1964,

recognized.
studies

5

It has been suggested by the findings of several Russian

that the eye functions of visual acuity and peripheral vision

6
were positively affected by physical activity.

A later study by Storey

found slight but non-significant increases in peripheral vision after
an all-out quarter-mile run.

Thus it seems that exercise does have some

relationship upon the visual acuity and visual field of individuals.
While no research was found which shows an effect of exercise upon depth
perception, there are studies which reported that the skilled performer
exhibited better depth perception than the unskilled performer,

STATEMENT OF THE PROBLEM

The literature has suggested that physical activity does enhance
visual acuity and peripheral vision.

However, no investigation was found

that reported the effect of physical activity upon depth perception.
Further, no investigation has classified physical activity into levels
of time and intensity and the resultant effect upon vision.

In addition,

no investigation has attempted to determine if a subject's peripheral
vision and depth perception are positively or negatively correlated
after exercise.

Therefore, this study attempted to expand the existing

information relative to the effect of exercise upon peripheral vision
and depth perception by varying the time and intensity of exercise

(Moscow:

A. N. Krestonikov, Studies in Physidlogy of Physical Exercise
State Publishing House, 1941), pp. 20-25.

^David P. Storey, "A Study to Determine the Effects of Fatigue
on Peripheral Vision of Track Athletes at University of Tennessee,"
(unpublished Master's thesis, University of Tennessee, 1968), p. 25.

experienced by individuals.

In addition, the investigation attempted

to determine if there was a positive or negative correlation between
peripheral vision and depth perception after exercise.

PURPOSE OF THE STUDY

The main purpose of the study was to investigate the effect of
three durations of time and three intensities of exercise upon peripheral
vision and depth perception of women.

A secondary purpose was to

determine the correlation between peripheral vision and depth per
ception prior to and after participation in exercise.

DEFINITION OF TERMS

The following definitions were used in the study.
Peripheral vision was defined as the ability to perceive objects
within a larger angular span on the horizontal plane, while the head is
held immobile within the medial plane.
Depth perception was defined as the ability to align a movable
rod with an immovable rod, while seated at a fixed distance from the
measuring apparatus.
Light work was defined as an amount of exercise that would
produce a heart rate range between 125-130 beats per minute.
Moderate work was defined as an amount of exercise that would
produce a heart rate range between 155-160 beats per minute.
Heavy work was defined as an amount of exercise that would
produce a heart rate range between 175-180 beats per minute.

5
DELIMITATIONS OF THE STUDY

This study was limited to 180 women volunteers.

In addition, the

study.was limited to measurement of temporal peripheral vision and to
measurement of static depth perception.

Finally, the study was limited

to exercise on a bicycle ergometer at three general levels of intensity
and duration.

No prolonged training program was involved.

LIMITATIONS OF THE STUDY

Due to the large number of subjects needed for the study, no
controls could be placed upon their activities prior to reporting to
the laboratory for testing.

In addition, it was not feasible to have

restrictions as to their physical condition, their visual status, or
previous experience in athletics.

Research has shorn that peripheral
7

vision could be improved with training,

and that skilled performers

8
exhibited better depth perception than unskilled performers.
Furthermore, the accuracy of the measurement of peripheral vision was
limited by the subjects1 subjective evaluation of the target.

Finally,

the accuracy of the measurements could have been affected by the
subjects’ lack of attention and motivation.

However, efforts were

made to encourage the subjects to concentrate on the tests.

Frank N. Low, "Some Characteristics of Peripheral Visual
Performance," American Journal of Physiology, 146:578-79, July,
1946.
g

Donna M. Miller, "The Relationship Between Some Visual
Perceptual Factors and the Degree of Success Realized by Sports
Performers," (unpublished Doctor’s dissertation, University of
Southern California, 1960), pp. 153-75.

6
SIGNIFICANCE OF THE STUDY

In today's society, growing attention is being focused upon
women, their expanding participation in athletics both at the amateur
and professional level and their increased prevalence in the job
market as laborers and professionals.

Therefore, it would seem that

an important area of research is the study of psychological, physio
logical and sociological characteristics of women with regard to
physical performances.
Physical education researchers have been somewhat uninvolved
with meaningful research about women until recently.

For the most

part, the available research about women is concerned with measuring
the psychological, physiological and sociological characteristics of
the skilled performer.

But even this research is minute when compared

to information about men on the same areaS,
of this study was twofold.

Therefore, the significance

First, the investigation was undertaken to

expand existing information about women.

Secondly, this investigation

sought to contribute to the scarcity of information concerning vision
and performance by investigating different durations and intensities
of exercise and how these affected peripheral vision and depth
perception of women.

CHAPTER 2

REVIEW OF LITERATURE

The literature relevant to this study was reviewed according to
the following categories:

(1) studies in peripheral vision; (2) studies

in depth perception; (3) studies relating vision to performance; and
(4) studies measuring the effect of physical exercise upon vision.

STUDIES IN PERIPHERAL VISION

According to McClure,

1

investigations in the area of peripheral

vision were first reported by Thomas Young in 1801, who concluded that
the peripheral limit was at 90 degrees on both sides.

McClure also

stated that Purkinji in 1825 gave 100 degrees and 110 degrees as the
outer limits of vision with the pupils dilated.
2
In the area of athletics, Hobson and Henderson

studied the

relationship between success in playing basketball and the size of the
visual field.

The investigators reported that the best pass-concealer

according to coaches' ratings had a visual field on the horizontal plane
15 degrees larger than that of the other players.

In addition, the

authors found fatigue to be a factor in restricting the field of vision.

\fohn A. McClure, "The Development and Standardization of a
New Type Test for Peripheral Vision," journal of Applied Psychology,
30:340, 1946.

2
Robert Hobson and M. T. Henderson, "A Preliminary Study of
the Visual Field in Athletics," Iowa Academy of Science, 48:331,
1941.
7

3
Stroup

reported a substantial difference between the range of the field

of motion perception of basketball players and non-players and proposed
that the range of the field was a significant contributing factor in
basketball ability.
Doyle

4

compared the peripheral vision of first, second and third

string football players.

In addition, comparisons of the peripheral

vision of players in different football positions were made.
eleven football players were tested for this investigation.

One-hundred
The Ferre

Rand periometer was used to test the peripheral field for five angles
of each eye.

The angles measured were superior, inferior, temporal

inferior, temporal superior, and temporal lateral.

Doyle’s findings

were that the left eye superior angle showed a significant difference
between teams, positions and interaction, and that the left and right
temporal superior angles showed significant differences for positions.
Low^ found that peripheral visual- acuity could be significantly
improved with training.

After a relatively brief training period,

Low's subjects recorded an average improvement of 334 percent of their
original scores, with improvements ranging from a minimum of 200 percent

3
Francis Stroup, "Relationship Between Measurements of Field
of Motion Perception and Basketball Ability in College Men," Research
Quarterly, 28:75, March, 1957.
^Joseph B. Doyle, "The Effect of Peripheral Vision on Offensive
Football Success»" (unpublished Master’s thesis, University of
Massachusetts, 1966), pp. 28-33.
^Frank N. Low, "Some Characteristics of Peripheral Visual
Performance," American Journal of Physiology, 146:578-79, July,
1946.

to a maximum of 1200 percent.

6
7
Later research 'by Johnson, Buckellew,

8
and Alex

substantiated L o w ’s findings with respect to improvement of

perception with training.
9
In a visual survey of 17,000 subjects, Burg

found that visual

acuity for a moving target was poorer than for a stationary target.
In addition, it was found that visual acuity decreased with age, males
had consistently better acuity than females, and that acuity decreased
with an increase in the speed of the target.
In a later study by Burg,

10

it was found that females consistently

demonstrated a slightly larger visual field than men.

No explanation

could be offered for the slight but significant superiority in the
visual field of women.
A review appearing in Research Methods in Health, Physical
Education and Recreation tentatively concluded that "practice facilitates
awareness of stimuli in the periphery, or delays fatigue, or perhaps

Willis Johnson, "Peripheral Perception of Athletes and NonAthletes, and the Effect of Practice" (unpublished Master’s thesis,
University of Illinois, 1952), pp. 35-36.
^William F. Buckellew, "Peripheral Perception and Reaction Time
of Athletes and Non-Athletes" (unpublished Master's thesis, University
of Illinois, 1954), p. 53.

8
Joseph C. Alex, 'A Study of Conditioning Upon Recognition of
Stimuli in the Peripheral Field of Vision" (unpublished Master's thesis,
Springfield College, Springfield, Mass., 1958), pp. 40-42.
9
Albert Burg, "Visual Acuity as Measured by Dynamic and Static
Tests," Journal of Applied Psychology, 50:460-64, 1966.
^ A l b e r t Burg, "Lateral Visual Field Related to Age and Sex,”
Journal of Applied Psychology, 52:10-15, 1968.

10
trains the muscles of the eye so as to adapt eye position to the con-

,11
flicting need of focus and peripheral stimulation.
McClure

12

identified the factors influencing the measurement of

peripheral vision as being the size of the object, its brightness, its
color, its distance from the eye, its background, the exposure time,
and the amount of illumination.

McClure

13

and Low

14

both found peripheral

perception to be independent of the skills of acuity, depth perception,
and color discrimination.
C o b b ^ compared the abilities of athletes in selected sports in
recognizing colors in the peripheral field of vision.

It was found that

no significant differences existed among the participants in football,
basketball, swimming, and gymnastics.

Significant differences were

found between the colors involved in the study.

Red and blue were more

easily recognized than green and white.
Slater-Hammel

16

investigated the relationship of reaction time to

location of the response stimulus in the peripheral field.
physical education majors served as subjects.

Twenty-five

Each subject was required

Hi. Gladys Scott (ed.), Research Methods in Health, Physical
Education and Recreation (2d ed.; Washington, D.C.: AAHPER, 1959),
p. 384.
^McClure, op. cit., p. 341,

Ibid.

14

Frank N. Low, "The Peripheral Visual Acuity of 100 Subjects,"
American Journal of Physiology, 140:84-88, October, 1943.
^Rob e r t A. Cobb, "A Comparative Study of Color Recognition in
the Peripheral Field of Vision of Participants in Selected Sports"
(unpublished Master’s thesis, Springfield College, Springfield, Mass.,
1967), pp. 26-32.
16
A.
T. Slater-Hammel, "Reaction Time to Light Stimulus in the
Peripheral Visual Field," Research Quarterly, 26:82-87, March, 1955.

11
to move his finger off a signal key when one of seven light signals,
permanently located around his visual field, was activated.

The subject's

head was fixed by means of a head rest at the center of an arc with a
radius of 58 cm.

Light signals were mounted around the arc at the

following positions:
left of center.

0° (center of arc), 25°, 50°, and 75° right and

Each subject was given 25 trials per light position.

The results of the study showed that reaction time increased as the
distance of the stimulus from direct vision increased.

In addition,

the direction of the response-stimulus from direct vision was not
found to be a significant variable.
Buckellew^ found athletes to be significantly faster at the
.01 level of confidence than non-athletes on peripheral reaction time.
Gill

18

investigated the effect of practice on peripheral reaction time

in both athletes and non-athletes and noted that both groups showed
significant improvement.
practice period.

The non-athletes improved more following the

Gill hypothesized that this indicated the initial

difference between groups was due to athletic training rather than
inherent qualities.
19
Young and Skemp

compared the reaction time of athletes and non

athletes in relation to the colors of’red and green.

The non-athletes

^Buckellew, op. cit., p. 53.
18

Donald Gill, "The Effect of Practice on Peripheral Vision
Reaction Time" (unpublished Master's thesis, University of Illinois,
1955), pp. 35-39.
19

John Young and Michael Skemp, "A Comparison of Peripheral
Vision Reaction Time of Athletes -and Non-Athletes in Relationship to
the Colors of Red and Green" (unpublished Master's thesis, University
of Wisconsin, 1955), p. 43.

12
were found to be significantly slower in reacting to the color stimuli
at all positions in the visual field except one.

The authors were

unable to determine any differences in reaction time in athletes due to
different color stimuli.

STUDIES IN DEPTH PERCEPTION

Depth perception has been defined as the ability to appreciate or
discriminate the third dimension, to judge distance, and to orient oneself in relation to other objects within the visual field.
two types of depth perception-monocular and binocular.

20

There ape

Monocular depth

perception involves the use of only one eye and binocular depth perception
involves the use of both eyes.

The value of two eyes instead of one is

that a stereoscopic picture is available.

In stereoscopic vision, two

optical images are made from slightly different angles, thus giving the
impression of distance and depth.

21

Studies investigating monocular

and binocular depth perception indicate that monocular depth perception
consistently underestimates the size and overestimates the distance of
-

the targets presented.

22

20

Harry G. Armstrong, Principles and Practices of Aviation
Medicine (Baltimore: Williams and Wilkins, 1939), p. 71.

York:

^^Diana C. Kimber, et al., Anatomy and Physiology (15th ed.; New
The Macmillan Company, 1966), p. 344.
22

R. Fried, "Monocular and Binocular Comparison of Apparent Size,"
American Journal of Psychology, 77:476-39, September, 1964, C. W. Crannell
and G. Peters, "Monocular and Binocular Estimates of Distance When
Knowledge of the Relevant Space Is Absent," Journal of Psychology, 76:
157-67, November, 1970.

13
Bannister and Blackburn

23

reported in 1931 that the inter-

pupillary distance of athletes (Rugby football players) was significantly
larger than that of non-athletes.

The authors suggested that this

arrangement facilitated the establishment of binocular depth cues and
therefore contributed to their superior playing abilities.
On the basis of the findings of Bannister and Blackburn, Clarke
and Warren

24

investigated the effect of inter-pupillary distances upon

depth perception and compared the depth perception scores of thirty-nine
athletes to the scores of 425 unselected men.

The authors found no

significant difference between the athletes and the unselected group on
depth perception.

The authors hypothesized that either depth perception

as measured by the Howard-Dolman Apparatus was relatively unimportant
in the sport areas included, or the test did not give an accurate
measure of depth perception.

In a later study, Tomlin

25

attempted to

develop a more reliable Instrument to measure depth perception.
Tomlin's apparatus consisted of two movable rods controlled by an on-off
switch.

The subject attempted to align both rods.

Each subject was

tested six times from ten feet and six times from twenty feet.
score at each distance was the average of the six trials.

The

Subjects

23

H. Bannister and J. M. Blackburn, "An Eye Factor Affecting
Proficiency at Ball Games," British Journal of Psychology, 21:382-84,
April, 1931.
n /

B.
Clarke and N. Warren, "Depth Perception as a Factor in
Proficiency in Ball Games," American Journal of Psychology, 47:485-87,
July, 1935.
25
Frances A. Tomlin. "Study of the Relationship Between Depth
Perception of Moving Objects and Sports Skill" (unpublished Master's
thesis, University of North Carolina, 1966), pp. 23-43.
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were also tested with the Howard-Dolman Apparatus at both distances
and with the same number of trials.

Tomlin concluded that the adapted

apparatus did not appear to be any more accurate than the Howard-Dolman
Apparatus for measuring depth perception.
In general, it has been found that efficient visual-space per26
ception differentiates between broad categories of motor performers.
Olsen

27

investigated the relationship of such psychological factors as

reaction time, depth perception, and visual span apprehension in college
athletics.

Subjects were varsity athletes, intermediate athletes, and

non-athletes at Boston University who participated in basketball,
soccer, hockey, and baseball.

Olsen found that both athletic groups

were significantly better than the non-athletes in measures or reaction
time, depth perception, and visual span apprehension.

In addition,

there was no significant difference between the athletes and inter
mediate athletes on the factors of depth'perception and visual span
apprehension.

Olsen was unable to find high correlations between the

depth perception scores of the athletes and their sports skill score.
Winograd

28

also reported differences between athletes and non-athletes

in several tests of visual efficiency, including binocular depth
perception.

Bryant J. Crathy, Movement Behavior and Motor hearing (2d ed.;
Philadelphia: Lea and Febiger, 1967), p. 99.
27

Einar A. Olsen, "The Relationship Between Certain Psychological
Capacities and Success in College Athletics," Research Quarterly,
27:79-89, March, 1956.
28

Samuel Winograd, "The Relationship of Timing and Vision to
Baseball Performances," Research Quarterly, 13:481-93, December, 1942.
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Miller

compared the perceptual-motor- characteristics of 162

subjects, consisting of both men and women recognized as champions,
near champions, or low skilled performers in volleyball, basketball,
fencing, swimming-diving, and gymnastics.

The battery of measures used

included speed evaluation, spatial orientation, spatial visualization,
tests of closure, the HcCloy Blocks test, and two tests of static
balance.

The main differences found between the skilled performers

and low skill performers were in the areas of balance, depth perception,
closure and the Blocks test.
skilled performers.

Little difference was found between the

This finding concurred with Olsen's finding of no
30

significant difference between skilled performers.

Mail

suggested

that binocular depth perception was interrelated with the abilities of
timing, balance, coordination, and rhythm.
31
Tergersen

investigated the relationship of selected measures

of wrist strengh, vision, and general motor ability to badminton playing
ability.

Subjects were participants in badminton classes.

Those

subjects who scored high in badminton playing ability as determined by

29
Donna M, Miller, "The Relation Between Some Visual Perceptual
Factors and the Degree of Success Realized by Sports Performers"
(unpublished Doctor's dissertation, University of Southern California,
1960), pp. 153-75.
30
Patricia D. Mail, "The Influence of Binocular Depth Perception
in the Learning of a Motor Skill " (unpublished Master's thesis, Smith
College, Northampton, Mass., 1965), p. 45.
31Ruth L. Tergersen, "The Relationship of Selected Measures of
Wrist Strength, Vision, and General Motor Ability to Badminton Playing
Ability" (unpublished Master's thesis, University of North Carolina,
1964), pp. 33-36.
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the Miller wall volley test and the French short serve test also scored
high in general motor ability, depth perception, and peripheral vision.
An extensive investigation of vision was carried out by the
Russians in the early 1950's.

One aspect of the investigation was the

ability of performers and non-performers in sports to discriminate
depth.

A difference was found between performers' and non-performers'

ability to discriminate depth.

In addition, it was found that tennis

players have better depth discrimination than football players.

The

authors concluded that more skillful players perceive depth more
32
accurately.
Staples

33

compared the effects of binocular and monocular vision

on accuracy in basketball shooting.

Ten members of a varsity and

freshman basketball team with dominant handedness and eyedness on the
same side served as subjects.

Each subject was tested under the

conditions of binocular vision, dominant monocular, and non-dominant
monocular in combination with four shooting stations.

It was concluded

that shooting accuracy was greatest under the binocular condition, and
better under monocular vision with the dominant eye than with the nondominant eye.
goal increased.

Shooting accuracy decreased as the distance from the
In addition, shooting accuracy was superior in front

of the goal than from equidistant positions at the side.

(Moscow:
33

A. N. Krestonikov, Studies in Physiology of Physical Exercise
State Publishing House, 1951), pp. 20-25.

Lionel Staples, "A Comparison of the Effects of Binocular
Vision and Monocular Vision on Accuracy in Basketball Shooting"
(unpublished Master's thesis, Springfield College, Springfield,
Mass., 1971), pp. 32-35.
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STUDIES RELATING VISION TO PERFORMANCE

There have been a number of studies which have investigated the
relationship of vision to motor learning and motor performance.
Fleishman and Rich

34

reported that from their investigation it appeared

that spatial-visual cues provided information which guided the indi
vidual's movements into the appropriate motor pattern.

It was implied

from this that interoceptive cues take over and complete the movement.
The authors noted that persons who ranked high in "spatial ability"
had an advantage in the early stages of learning.

One might conclude

that as one's sensory input improves his motor responses become, more
accurate.
Olsen

35

provided some insight by comparing various perceptual

qualities of athletes, intermediate athletes, and non-athletes.

Each

group was tested on reaction time, visual space apprehension, and depth
perception.

Olsen found a significant difference between the athletes

and non-athletes with respect to each of the perceptual abilities. One
could conclude from these findings that the greater the perceptual
ability, the better the performer and the higher the level of success
experienced.
Clarification of the role of kinesthesis as compared to the role
of vision in motor learning has been undertaken in several studies.

Edwin A. Fleishman and Simon Rich, "Role of Kinesthetic and
Spatial-Visual Abilities in Perceptual-Motor Learning," Journal of
Experimental Psychology, 66:6-11, 1963.
35

Olsen, op. cit., pp. 100-109.
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One study by Battig

compared the effectiveness of kinesthetic, verbal,

and visual cues on motor learning as measured by lever-positioning
skills.

Of all cues presented, vision was found to be most important.
37

A similar finding was reported by Morford.
Two separate studies, one by Sherman and the other by Krestonikov,
concluded that peripheral vision was more important than central vision
38
to motor performance.

Sherman

stated that peripheral vision enabled

the performer to establish the ground from which the figure was to
, 39
Krestonikov
noted more severe interruptions in motor perfor

emerge.

mance with the exclusion of peripheral vision than with the exclusion
of central vision.
40
Cobb

compared the effects of selected visual conditions on

throwing accuracy in three different throwing activities.

The three

activities consisted of football, baseball, and dart throwing at
stationary targets.

The visual conditions to which each performer

was subjected were:

(1) the total field of vision available to the

performer, (2) only peripheral vision available, (3) only central vision

W. F. Battig, "The Efect of Kinesthetic, Verbal and Visual
Cues on the Acquisition of Lever-positioning Skills," Journal of
Experimental Psychology, 47:371-80, 1954.
37
W. R. Morford, "Value of Supplementary Visual Information
During Practice on Dynamic Kinesthetic Learning," Research Quarterly,
37:393-405, October, 1966.
38

Hoyt L. Sherman, "Aspects of Visual Perception and Their
Relationship to Motor Activity," College Physical Education Association,
53rd Annual Proceedings, 1950, pp. 8-9.
39

Krestonikov, op. cit., pp. 20-25.

40
Robert A. Cobb, "The Effects of Selected Visual Conditions on
Throwing Accuracy" (unpublished Master's thesis, Springfield College,
Springfield, Mass., 1969), pp. 80-90.
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available, and (4) complete visual occlusion..
pertinent findings were:

Some of Cobb's more

(1) the size of the visual field available

to the performer was related to the level of accuracy, (2) total
vision had no distinct advantage over central vision in relation to
accuracy except in dart throwing, and (3) central vision had a
significant advantage over that part of the peripheral vision field
existing beyond twenty degrees from the center of the targets.
Hajus

41

investigated the hypothesis that individuals exhibiting

unilateral dominance would perform better on tests for throwing
accuracy than individuals with crossed dominance.

In addition, Hajus

compared performance in throwing accuracy with both eyes open, using
the dominant eye and using the non-dominant eye.

Subjects were classi-

field as being either unilaterally dominant or crossed dominant.

Three

tests of throwing accuracy were administered twice to each subject
under the conditions of both eyes open, dominant eye only, and non
dominant eye only.
score.

The average score was recorded as the representative

Hajus concluded that within the limitation of the investigation

unilaterally dominant individuals out-performed crossed dominant
individuals in throwing accuracy, particularly the more complex throwing
tasks.

In addition, performing with both eyes was found superior to

performing with the dominant eye or the non-dominant eye in throwing
accuracy.

John A. Hajus, "A Comparison of Crossed Dominance to Uni
laterally Dominant Individuals in Accuracy Motor Performance Tasks,"
(unpublished Doctor's dissertation, Louisiana State University, 1971),
pp. 52-53.
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The relationship between visual performance and the batting and
slugging average of college baseball players was investigated by
42
Zigrossi.

A battery of twenty tests was administered by a practicing

optometrist to determine a visual performance score for each player.
The batting and slugging averages were correlated with the visual
performance score.

No significant relationship was found between the

visual performance scores and either the batting average or the
slugging averages of the players.

STUDIES MEASURING THE EFFECT OF
PHYSICAL EXERCISE UPON VISION

Apparently few studies have been conducted in physical education
pertaining to the effect of physical exercise upon vision.
studies

43

The Russian

represent the most extensive Investigation into the effect

of physical exercise upon vision.

The investigation disclosed that in

the process of physical exercise, the functions of visual acuity and
field of vision were improved in a majority of the athletes measured.
One-hundred track men were tested after a 1,000-meter run for visual
acuity.

Of those tested, 73 percent experienced an increase in

sharpness which averaged approximately 45 percent.
In order to determine the duration of this increase, a follow-up
study was conducted on ten Individuals.

Visual acuity was examined

^ N o r m a n A. Zigrossi, "An Analysis of the Relationship Between
Visual Performance and the Batting and Slugging Average of College
Baseball Players," (unpublished Master's thesis, University of Maryland,
1961), pp. 39-40.
Krestonikov, op. cit., p. 20.
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every ten minutes.

In four cases, visual acuity was reduced to the

initial magnitude after two hours, in four cases, one hour and a half,
and in two cases, fifty minutes.

The maximum increase in sharpness

was noticed in six cases immediately after the run, and in four cases,
44
ten minutes after the run.
Vision field measurements for basketball players, tennis players,
hockey players, and soccer players were taken after competition.

In a

majority of the cases, a post-exercise increase was found in the size
45
of the visual field.
46
A more recent study by Storey

attempted to determine whether or

not body fatigue decreased the peripheral vision of athletes.

The

subjects were thirty-eight members of The University of Tennessee track
team.

Subjects were tested with a Keystone Periometer on the size of

their temporal and nasal vision before and after running a quarter mile
t

at full speed.

Storey found no significant difference in the pre- and

post-exercise measurements of temporal and nasal vision.

A slight but

non-significant increase in both right and left temporal vision was
observed.
Tussing

47

reported that tests of football and basketball players'

vision after a routine practice session indicated that some players

45Ibid., pp. 21-22.
46

David P. Storey, "A Study to Determine the Effects of Fatigue
on Peripheral Vision of Track Athletes at University of Tennessee,"
(unpublished Master's thesis, University of Tennessee, 1968), p. 25.
^ L y l e Tussing, "The Effect of Football and Basketball on Vision,"
Research Quarterly, 11:16-18, March, 1940.
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showed marked impairment of vision and some players marked improvement
of vision.

It was observed that the acuity of the left eye was less

after football practice and the acuity of the non-dominant eye was
better after basketball practice,

However, Tussing failed to state

which eye was dominant or which was the preferred passing or throwing
side for the players tested.

All of the players tested had a poorer

mean score in depth perception after exercise, which indicated impairment
of depth perception with fatigue.

SUMMARY OF RELATED LITERATURE

In Section 1, two studies indicated that athletes have superior
peripheral vision fields when compared to non-athletes.

One study

indicated that athletes had a faster peripheral reaction time than non
athletes.

Another study found that both athletes and non-athletes could

improve their peripheral reaction time with practice.

Another study

found the reaction times of athletes to color stimuli to be faster than
the reaction time of non-athletes.

One study found significant

differences in the peripheral vision of players in different football
positions and on different teams.

One study found no differences among

performers in football, swimming, and gymnastics ability to recognize
colors in peripheral field.

There was a significant difference between

colors, in favor of red and blue.

Four studies found that peripheral

vision acuity could be improved with training.

One study identified

the factors influencing the measurement of peripheral vision as the
size of the object, its color, its distance from the eye, its background,
its exposure time, and the amount of illumination.

Two studies found
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peripheral perception to be independent of acuity, depth perception, and
color discrimination.

One study showed that reaction time increased as

the distance from direct vision increased.

In addition, the direction

of the response-stimulus from direct vision was not found to be a
significant variable.

One study found that visual acuity decreased with

age, males had consistently better acuity than females, and that acuity
decreased with increased speed of the target.

One study found that

females had a slight but significantly larger visual field than males.
Section 2 was concerned with studies investigating depth perception.
Two studies indicated that monocular depth perception underestimates the
size and overestimates the distance of the targets presented.

Five

studies found that athletes or skilled performers had better depth dis
crimination than unskilled performers.

One study suggested that skilled

performers have a larger inter-pupillary distance and this enabled them
s

to have better depth perception, while a later study disagreed with this
suggestion.

One study suggested that depth perception was interrelated

with the abilities of timing, balance, coordination, and rhythm.
Another study found shooting accuracy to be greater with binocular
depth perception than with monocular depth perception.
Section 3 reviewed studies relating vision to performance.

One

study found athletes to be superior to non-athletes with respect to
the perceptual qualities of reaction time, visual space apprehension,
and depth perception.

Three studies reported visual feedback to be

more effective than kinesthetic feedback in learning skills.

Two

studies found peripheral vision to be more important than central
vision to motor performance.

One study found that the size of the

visual field was related to the level of accuracy attained.

One study

found no significant relationship between the visual performance score
of baseball players and their batting and slugging averages.
Section 4 reviewed studies measuring the effect of physical
exercise upon vision.
after exercise.

One study found peripheral vision to be improved

One study found no difference in the size of the

peripheral field after exercise.

CHAPTER 3

PROCEDURES

OVERVIEW

One-hundred eighty women between the ages of 18 and 35 served as
subjects.

Each subject was assigned to one of nine work-tirae groups

and within each work-time group each subject was randomly assigned to
an order of measurement.

Subjects designated as order 1 were tested

first on peripheral vision and then on depth perception prior to and
after exercise.

Subjects designated as order 2 were tested first on

depth perception and then on peripheral vision prior to and after
exercise.

A Light Work load was defined as a heart rate range between

125-130 beats per minute.

A Moderate Work load was defined as a heart

rate range between 155-160 beats per minute.

A Heavy Work load was

defined as a heart rate range between 175-180 beats per minute.
work-time groups were designated as follows:

The

Light Work— 5 minutes,

10 minutes, 15 minutes; Moderate Work— 5 minutes, 10 minutes, 15 minutes
and Heavy Work— 5 minutes, 10 minutes, 15 minutes.
Upon reporting to the research laboratory, each subject was
acquainted with the testing equipment and procedures.

This orientation

included an explanation of each piece of equipment and method for
determining the visual measurement on the respective instrument.

In

addition, each subject was given an opportunity to practice the
peripheral vision test and the depth perception test prior to beginning

26
the actual testing session.

The testing session consisted of the

measurements of peripheral vision in the right eye and the left eye
with the perimeter and ten trials of depth perception with the HowardDolman Apparatus while seated upon the bicycle ergometer.

These

measurements were recorded in fractions of inches and a counter
balanced order of test administration was followed.

The subject was

then instructed to pedal the bicycle ergometer and the work load was
adjusted and heart rate monitored to assure a progressive approach to
the assigned work-time.

Heart rate was monitored by palpation of the

radial artery during the last 15 seconds of each minute of work.

The

work load was adjusted to achieve the assigned work level by increasing
the belt tension of the ergometer using a range of 0-3 kiloponds and
the pedal speed using a range of 15-20 mph.

At the conclusion of the

assigned work-time load, post-exercise measurements of peripheral
vision and depth perception were taken iii the same manner as described
for pre-exercise measurement, and the subject was dismissed from the
laboratory.

SELECTION OF SUBJECTS

Subjects for the study were 180 women voluuteers between the
ages of 18 and 35.

Due to the number of women needed for the study,

factors such as uncorrected vision, level of physical condition, and
previous athletic experience were not considered in the selection
process.

Most of the volunteers were participants in the service

program of the Health, Physical, and Recreation Education Department
of Louisiana State University during the Spring and Summer semesters
of 1973.
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GROUPING OF SUBJECTS

Each subject was assigned to one of nine work-time groups.
This assignment was made according to the work-time group the inves
tigator was currently gathering data for.

Within the work-time group

the subject was randomly assigned an order for testing.

Those subjects

designated as order 1 were tested on peripheral vision first and depth
perception second prior to and after exercise.

Thosesubjects

designated as order 2 were tested on depth perception first and
peripheral vision second prior to and after exercise.
by heart rate and designated as:

Work was defined

Light Work, 125-130 beats per minute;

Moderate Work, 155-160 beats per minute, and Heavy Work, 175-180 beats
per minute.

The work-time groups were identified as:

Light Work— 5

minutes, 10 minutes, 15 minutes; Moderate Work— 5 minutes, 10 minutes,
15 minutes; and Heavy Work— 5 minutes, 10 minutes, 15 minutes.

Heart

rates for each subject were taken during each minute of exercise to
determine their work load.

EQUIPMENT FOR TESTING AND MEASURING

Monark Bicycle Ergometer.— A Monark-Cresent AB bicycle ergometer
was used for exercise purposes by the subject to increase the heart
rate to the desired range (Figure 1).

A bicycle ergometer was

selected for this purpose because it was felt that most subjects
*

would be familiar with riding a bicycle and would be more receptive to
this type of exercise as opposed to bench-stepping or treadmill exercise.
In addition, it was considered necessary to keep the subjects in a
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Figure 1. Position, for Pre- and Post—Exercise
Measurements of Peripheral Vision
and Depth Perception

29
fairly stationary position in order to take the minute-by-minute heart
rate measures by palpation.
The wheel of the ergometer was constructed so that one complete
turn of the pedals moved a point on the rim 6 meters. The wheel was
braked mechanically by a belt running around the rim.

Both ends of the

belt were attached to a revolving drum to which a pendulum was fixed.
The device thus acted as a pendulum scale, measuring the difference in
force at the two ends of the belt.
Perimeter.— For determining peripheral vision, a perimeter similar
to the basic model used in driver's education classes was used (Figure
2).

The perimeter was modified by enlarging the measuring arc and

marking it in graduations of one-sixteenth inches for a total of seven
inches, adding a focus target and level indicator, painting the two
moving targets white, and mounting the perimeter on an adjustable
tripod.
Howard-Dolman Apparatus.— For determining depth perception, the
Howard-Dolman Apparatus was used (Figure 3).

The apparatus consisted

of a box 24 inches long, 11-3/4 inches wide and 12-1/2 inches high,
and open at the sides and top.

The end of the box nearest the subject

had a rectangular window 3 inches high and 7-1/2 inches wide.

Inside

the instrument were two vertical black rods, one of which was fixed
at the center of the box and the other on a movable track.

The two

rods were 2-1/2 inches apart when in a plane perpendicular to the
observer.

The movable rod was controlled by two strings, which were

placed in the subject's hand prior to the beginning of the test.
measuring scale was affixed along the movable rod track.

A

The center

point of the scale, directly opposite the fixed rod, was marked 0,
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Figure 2.

Position for Testing Peripheral Vision
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Figure 3.

Howard-Dolman Apparatus
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and the scale ranged from 0 to 7 inches (away from the observer) and
0 to 7 inches (toward the observer).

PILOT STUDIES

In order for the experimenter to substantiate the rationale that
exercise affects the field of vision and to establish reliability for
the modified perimeter, a pilot study was conducted early in the fall
semester, 1972, at Louisiana State University.

Subjects for the pilot

study were female students enrolled in the experimenter’s activity
classes.
A reliability check was made for the modified perimeter by test
ing students on their peripheral vision at rest, waiting for ten minutes,
and retesting.

The test consisted of taking three measurements for the

right eye and the left eye, combining the scores for each eye, adding
the combined scores, converting the scores to inches, and computing
the mean.

Due to the small number of students, the Rank-Difference

Method for determining reliability was used.

A Rank-Difference of

.91 was found on the test-retest involving a 10-minute waiting period.
A t-test for correlated groups was computed to determine the significance
of the difference between the test-retest means.

The difference was not

significant at the .05 level of probability.
In order to substantiate the rationale that exercise affected
peripheral vision a small number of subjects was tested before and
after a work load in which their heart rate was allowed to reach 180
beats per minute.

A t-test for correlated groups was computed and a

significant difference between the rest and exercise at the .01 level
of confidence was found.
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In the Spring of 1973, another pilot study was conducted to
establish the procedures to be used in the investigation.

In addition

to investigating peripheral vision the scope of the study was enlarged
to include the measurement of depth perception.

The reliability of the

Howard-Dolman Apparatus was accepted on the basis of its use in other
Investigations reported in the literature.

The Howard-Dolman Apparatus

was found to be as accurate as an especially constructed electrical

1
apparatus.

PERIPHERAL VISION TESTING PROCEDURE

Each subject’s peripheral vision was measured by the modified
perimeter.

Subjects were seated upon the bicycle ergometer as illustrated

in Figure 1, page 28.

The perimeter was situated on an adjustable table

which could be rolled to a position in front of the subject seated upon
the bicycle.

The perimeter was adjusted to the bridge of the nose and

the bottom of both eyes as shown in Figure 2.

The target was moved

from outside the vision field beginning with the left eye and alternat
ing eyes until three scores were recorded for each eye.
recorded to the nearest one-eighth inch.

Scores were

A subject’s representative

score was determined by adding the score for the right and left eye
together, adding these three sums, converting the total to inches and
dividing by three to find the mean score for the peripheral vision
measurement.

Subjects were instructed to indicate when the first

Frances A. Tomlin, "Study of the Relationship Between Depth
Perception of Moving Objects and Sports Skill," (unpublished Master's
thesis, University of North Carolina, 1966), pp. 23-43.
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movement of the target was noticed.

A retest was allowed when a subject

was unsure about the position of the target or if it was determined that
the eyes were becoming fatigued.

The researcher was positioned directly

in front of the subject in order to manipulate the targets and to watch
for eye movement off the center focus target.

At the conclusion of

the pre-exercise measurements a beginning heart rate was taken and the
assigned work-time load was begun.

DEPTH PERCEPTION

Each subject was seated upon the bicycle ergometer as shown in
Figure 1, page 28, twenty feet from the Howard-Dolman Apparatus
illustrated by Figure 3.

The two strings extending from the apparatus

were held in each hand by the subject.

The string in the left hand

adjusted the movable rod forward and the string in the right hand
k

adjusted the movable rod backward.
the left.

The movable rod was the rod on

For each odd numbered trial, the movable rod was placed

at the extreme back of the instrument, and for each even numbered trial
it was placed at the extreme front.

The subject was required to relax

the tension of the two strings for this adjustment to be made.

In

addition, the researcher blocked the view of the subject when the rods
were adjusted at the beginning of each trial.
align the rods.

Subjects attempted to

The score for each trial was recorded to the nearest

one-eighth of an inch.
ten trials was computed.

The trials were totaled and a mean for the

ORDER OF MEASUREMENT
The order of measurement was determined by randomly assigning
each subject within a work-time group to either order 1 or order 2.

Sub

jects assigned to order 1 were tested first on peripheral vision and then
on depth perception prior to and after exercise.

Subjects assigned to

order 2 were tested first on depth perception and then on peripheral
vision prior to and after exercise.
EXERCISE PROGRAM
The exercise program was administered by having each subject
pedal the bicycle ergometer.

Before commencing the assigned work load,

each subject's heart rate was taken as a reference measure for adjust
ing the belt tension and the pedal speed of the bicycle ergometer.

Each

subject then was instructed to pedal the bicycle ergometer at a speed of
15 mph and zero belt tension as indicated by the kilopond scale.

The

heart rate response to the exercise was monitored by palpation of the
radial artery during the last fifteen seconds of each minute of exer
cise for the assigned work load.

A heart rate progression for each of

the nine work-time groups is presented in Table 1.

The table of heart

rate progressions was developed through trial and error during the
last pilot study conducted by the investigator.

The heart rate pro

gression served as a guideline for achieving the desired intensity of
work.

The belt tension and the pedal speed of the bicycle ergometer

was adjusted using ranges of 0-3 kiloponds and 15-20 mph, respectively to
assure that the subject's heart rate was either the same or within plus
or minus four beats of the heart rate designated for each minute.

Some
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Table 1
Heart Rate Progression for Each Minute of Work

Light Work
125-130 HR*

5 Minutes
Minute
Minute
Minute
Minute
Minute

Moderate Work
155-160 HR

Heavy Work
175-180 HR

1
2
3
4
5

100
108
116
124
132

HR
HR
HR
HR
HR

100
114
128
142
156

HR
HR
HR
HR
HR

100
116
136
156
176

HR
HR
HR
HR
HR

10 Minutes
Minute 1
Minute 2
Minute 3
Minute 4
Minute 5
Minute 6
Minute 7
Minute 8
Minute 9
Minute 10

100
104
108
112
116
120
124
128
132
132

HR
HR
HR
HR
HR
HR
HR
HR
HR
HR

100
108
116
124
132
136
144
152
160
160

HR
HR
HR
HR
HR
HR
HR
HR
HR
HR

100
110
120
130
140
150
160
170
180
180

HR
HR
HR
HR
HR
HR
HR
HR
HR
HR

15 Minutes
Minute 1
Minute 2
Minute 3
Minute 4
Minute 5
Minute 6
Minute 7
Minute 8
Minute 9
Minute 10
Minute 11
Minute 12
Minute 13
Minute. 14
Minute 15

100
102
104
106
108
110
112
114
116
118
120
122
124
126
128

HR
HR
HR
HR
HR
HR
HR
HR
HR
HR
HR
HR
HR
HR
HR

100
104
106
110
114
116
120
124
128
132
136
140
144
148
152

HR
HR
HR
HR
HR
HR
HR
HR
HR
HR
HR
HR
HR
HR
HR

100
106
112
118
124
130
136
142
146
152
158
164
170
176
184

HR
HR
HR
HR
HR
HR
HR
HR
HR
HR
HR
HR
HR
HR
HR

*Heart Rate
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variance in the desired range did occur in both directions due to the
differences among individuals in their response to exercise,

STATISTICAL PROCEDURE

The data used in this study were derived from the pre- and post
exercise scores of peripheral vision and depth perception.

Analysis

of data included the t-test for correlated groups, two 2 x 3 x 3
factorial analyses of covariance, and the Pearson-Product-Moment
correlation.

The t-test was used to determine whether any significant

differences existed between pre- and post-test scores of peripheral
vision and of depth perception.

Analysis of covariance was used to

determine whether any significant difference existed among the exercise
conditions in peripheral vision and in depth perception.

The factorial

design permitted analysis of intensity and duration of exercise, order
of measurement, and the interaction of these variables on peripheral
vision and depth perception measures.
counterbalanced for each subject.

The order of measurement was

Finally, the investigator was

interested in determining if a subject's peripheral vision and depth
perception were positively or negatively correlated after exercise.

i

CHAPTER 4

PRESENTATION AND ANALYSIS OF DATA

INTRODUCTION

Subjects for the study were 180 women volunteers between the ages
of

18 and 35.

Each subject was assigned to one of nine work-time groups.

A Light Work load was defined as a heart rate range between 125-130
beats per minute.

A Moderate Work load was defined as a heart rate

range between 155-160 beats per minute.

A Heavy Work load was defined

as a heart rate range between 175-180 beats per minute.
groups were designated as follows:

The work time

Light Work— 5 minutes, 10 minutes,

15 minutes; Moderate Work— 5 minutes, 10 minutes, 15 minutes, and
Heavy Work— 5 minutes, 10 minutes, 15 minutes.
Data used in this study were derived from the pre- and post
exercise scores for peripheral vision and depth perception.

The

t-test for correlated means was used to determine whether any significant
difference existed between the pre- and post-exercise scores in periph
eral vision and in depth perception.

Analysis of covariance was used

to determine whether any significant difference existed among the
conditions of exercise scores of peripheral vision and depth perception.
The factorial design permitted comparisons of intensities and durations
of exercise, order of measurement, and the Interaction of these
variables on peripheral vision and depth perception measures.
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The Pearson-Product-Moment correlation was utilized in determining the
relationship between peripheral vision and depth perception before and
after exercise,

SIGNIFICANCE OF THE DIFFERENCES BETWEEN PRE-EXERCISE
AND POST-EXERCISE PERIPHERAL VISION SCORES

The t-test for significance of the differences between pre- and
post-exercise scores of peripheral vision is presented in Table 2.
The smaller exercise means denoted improvement due to the manner in
which the test was scored.

The order 1 variable designated that

peripheral vision was measured first and then depth perception both
before and after exercise.

The order 2 variable designated that depth

perception was measured first and then peripheral vision.

Significant

improvement at the .01 level of confidence was found for both conditions.
All three time intervals 5, 10, 15 minutes resulted in significant
improvement in peripheral vision at the ,01 level of probability.

Each

of the three exercise conditions of intensity, as indicated by heart
rates, produced significant Improvement in peripheral vision.

Con

sequently in Table 1, it can be seen that significant gains in
peripheral vision were realized under all conditions of measurement
and exercise.

COMPARISON OF TWO ORDERS OF TEST ADMINISTRATION, THREE
INTERVALS OF DURATION, THREE INTENSITIES OF
EXERCISE, AND THE INTERACTION OF THE
VARIABLES ON PERIPHERAL VISION

The covariance analysis of the post-exercise scores of peripheral
vision is presented in Table 3.

None of the F ratios were significant at
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Table 2
Significance of the Difference Between Pre and Post
Exercise Measures of Peripheral Vision

Resting

Exercise

Difference

SE^

t

P

Order

1
2
Duration
5

10
15
Intensity
125-130
155-160
175-180

4.84
4.77

4.22
4.32

-0.62
-0.45

0.06
0.06

9.57
6.94

.01
.01

4.48
5.07
4.86

3.97
4.52
4.31

-0.51
-0.55
-0.55

0.08
0.08
0.08

6.42
6.93
6.93

.01
.01
.01

5.02
4.88
4.52

4.47
4.40
3.93

-0.55
-0.48
-0.59

0.08
0.08
0.08

6.93
6.05
7.43

.01
.01
.01
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Table 3
Analysis of Covariance of Intensity and Duration of
Exercise Effects on Peripheral Vision
Scores of 180 Women

Source of
Variance

df

Order
1
2
Duration
Intensity
2
2
Order x Duration
2
Order x Intensity
4
Duration x Intensity
Order x Duration x Intensity 4
Error
161
Total

Mean
Square

. 1.25
0.03
0.71
1.98
0.01
2.09 *
1.70
0.36

F

P

3.44
0.34
0.98
2.72
0.01
1.43
1.17

NS
NS
NS
NS
NS
NS
NS

179

F needed for significance (1 and 161 df), 3.84 at the
.05 level.
F needed for significance (2 and 161 df), 3.00 at the
.05 level.
F needed for significance (4 and 161 df), 2.77 at the
.05 level.
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the .05 level of probability which indicated that there were no differences
among the different degrees of duration and intensity or in the inter
actions of the variables.

SIGNIFICANCE OF THE DIFFERENCES BETWEEN PRE-EXERCISE
AND POST-EXERCISE DEPTH PERCEPTION SCORES

Table 4 depicts the t-test for significance of the differences
between the pre- and post-exercise depth perception scores.

Order 1

designated that peripheral vision was measured first then depth
perception both before and after exercise.

Order 2 designated that

depth perception was measured first then peripheral vision.

The depth

perception measures were taken from 0 to 7 inches in both directions on
the scale of the Howard-Dolman Apparatus.

Therefore, a larger mean

after exercise would indicate that a subject's depth perception was
impaired.

Inspection of Table 4 reveals that neither the orders of

measurement nor the exercise conditions resulted in significant
changes in depth perception.

COMPARISON OF TWO ORDERS OF TEST ADMINISTRATION, THREE
INTERVALS OF DURATION, THREE INTENSITIES OF
EXERCISE, AND THE INTERACTION OF THE
VARIABLES ON DEPTH PERCEPTION

In Table 5, the covariance analysis of the post-exercise scores
of depth perception is presented.

No significant F ratios at the .05

level of probability were found for any of the variables or for the
interactions among the variables.
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Table 4
Significance of the Difference Between Pre and Post
Exercise Measures of Depth Perception

Resting

Exercise

Difference

sem

t

P

Order
1
2

0.81
0.77

0.90
0.78

0.09
0.01

0.05
0.05

1.80
0.01

NS
NS

Duration
5
10
15

0.77
0.66
0.93

0.87
0.70
0.96

0.10
0.04
0.03

0.06
0.06
0.06

1.67
0.63
0.50

NS
NS
NS

Intensity
130
160
180

0.82
0.77
0.77

0.80
0.84
0.88

-0.02
0.07
0.11

0.06
0.06
0.06

0.32
1.11
1.75

NS
NS
NS
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Table 5
Analysis of Covariance of Intensity and Duration
of Exercise Effects on Depth Perception
Scores of 180 Women

Source of
Variance

df

Order
1
2
Duration
2
Intensity
2
Order x Duration
2
Order x Intensity
4
Duration x Intensity
Order x Duration x Intensity 4
Error
161
Total

Mean
Square

F

P

0.44
0.24
0.42
0.26
0.13
1.0*6
0.37

2.92
.79
1.39
0.85
0.43
1.74
0.61

NS
NS
NS
NS
NS
NS
NS

179

F needed for significance (1 and 161 df), 3.84 at the
.05 level.
F needed for significance (2 and 161 df ), 3.00 at the
.05 level.
F needed for significance (4 and 161 df), 2.77 at the
.05 level.
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RELATIONSHIP OF PERIPHERAL VISION AND DEPTH PERCEPTION
BEFORE AND AFTER EXERCISE
A correlation of .86 between resting and exercise peripheral
vision-is shown in Table 6.

A correlation of .75 was found-between

resting depth perception and exercise depth perception.

No correlation

was found between peripheral vision and depth perception before exercise,
A correlation of -.53 was found between peripheral vision and depth
perception when both were measured after exercise.

This correlation

Indicated that those subject's with lower peripheral vision scores
after exercise had poorer depth perception scores.
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Table 6
Relationships Between Peripheral Vision and Depth
Perception Before and After Exercise

Resting Depth
Perception

Exercise
Depth
Perception

.01

-.06

—

.07

-.53**

—

—

Exercise
Peripheral

Resting
Peripheral
Exercise
Peripheral
Resting
Depth

.86**

**Significant at .01 level
r needed for significance at the .05 and .01 levels of
probability are .144 and .189, respectively.

I

.75**

CHAPTER 5

SUMMARY, FINDINGS, DISCUSSION OF FINDINGS AND CONCLUSION

SUMMARY

The purpose of this study was to compare the effects of three
durations of time and three intensities of exercise upon peripheral
vision and depth perception of women.

A secondary purpose was to

determine the correlation between peripheral vision and depth per
ception prior to and after participation in exercise.
One-hundred eighty women between the ages of 18 and 35 served as
subjects.

Each subject was assigned to one of nine work-time groups

and within each work-time group each subject was randomly assigned to
an order of measurement.

Subjects designated as order 1 were tested

first on peripheral vision and then on depth perception prior to and
after exercise.

Subjects designated as order 2 were tested first on

depth perception and then on peripheral vision prior to and after
exercise.

A Light Work load was defined as a heart rate range between

125-130 beats per minute.

A Moderate Work load was defined as a heart

rate range between 155-160 beats per minute.

A Heavy Work load was

defined as a heart rate range between 175-180 beats per minute.
work-time groups were designated as follows:

The

Light Work— 5 minutes,

i

10 minutes, 15 minutes; Moderate Work— 5 minutes, 10 minutes, 15 minutes
and Heavy Work— 5 minutes, 10 minutes, 15 minutes.
Subjects met individually with the experimenter for one testing
session.

The testing session consisted of an orientation period in

which the testing equipment and procedures were explained and demon
strated.

The actual testing consisted of three measurements of

peripheral vision for both the left eye and the right eye with the
perimeter and ten trials of depth perception with the Howard-Dolman
Apparatus.

These measurements were recorded in fractions of inches

and the order of test administration was alternated.

The subject was

then instructed to pedal the bicycle ergometer while the work level
was adjusted to assure a progressive increase in heart rate within
the allotted time interval.

Heart rate was monitored by palpation of

the radial artery during the last fifteen seconds of each minute of
work.

The work load was adjusted to achieve the assigned work level

by increasing both the belt tension of the ergometer using a range of
0-3 kiloponds and the pedal speed within a range of 15-20 mph.

At

the conclusion of the work-time load, post-exercise measurements of
peripheral vision and depth perception were made in the same manner
as the pre-exercise measurements.
Analysis of data included t-tests for correlated means, two
2 x 3 x 3

factorial analyses of covariance, and Pearson-Product-Moment

correlations.

The t-test was used to determine whether any significant

changes occurred between the pre- and post-exercise measurements of
peripheral vision and depth perception.

Analysis of covariance was

used to determine whether any significant differences existed among
the conditions of exercise in peripheral vision and depth perception.
The factorial design permitted comparisons of intensity and duration
of exercise, order of measurement, and the interaction of these
variables on peripheral vision and depth perception measures.

The
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Pearson-Product-Moment correlation was utilized to determine the
relationship between peripheral vision and depth perception before
and after exercise.

FINDINGS

The findings of this study were as follows:
1.

There was a significant improvement in peripheral vision

following exercise,
2.

There was no significant change in depth perception

following exercise.
3.

There were no significant differences between the two orders

of test administration, among the three durations of time or intensities
of exercise, or in the Interaction of the variables on either peripheral
vision or depth perception measures.
4.

There was a significant correlation of .86 between peripheral

vision before and after exercise.
5.

A significant correlation of ,75 was found between pre- and

post-exercise depth perception measures.
6.

There was no correlation between pre-exercise peripheral

vision and depth perception.
tion (-.53)

However, a significant negative correla

was found between peripheral vision and depth perception

after exercise.
i

DISCUSSION OF THE FINDINGS

Peripheral Vision
The findings of this study were in agreement with the results of
other studies concerning the effects of exercise upon peripheral vision.

1
Storey

reported slight although non-significant increases in the

peripheral vision of track men after an all-out quarter mile run.
Krestonikov

2

found a post-exercise increase in the size of the

peripheral field for basketball players, tennis players, hockey
players, and soccer players.

It should be noted that Krestonikov's

measurements were not submitted to statistical analysis to determine
if the observed increases were significantly different from the resting
measurements.

When the means of the pre-exercise and post-exercise

peripheral vision measurements were compared by a t-test in this
study, a significant difference at the .01 level of probability was
found, indicating improvement in peripheral vision as a result of
exercise.

However, the covariance analysis indicated that there

were no differences among the condtions of exercise.

Therefore, no

particular duration or intensity of exercise produced greater improvement in peripheral vision than any other duration or intensity.

Hence,

any of the exercise conditions, including a mild exercise for only
five minutes, improved peripheral vision.

Furthermore, this improve

ment persisted for several minutes, at least for the amount of time
required to measure depth perception.

David P. Storey, "A Study to Determine the Effects of Fatigue
on Peripheral Vision of Track Athletes at The University of Tennessee,"
(unpublished Master's thesis, University of Tennessee, 1968), p. 25.

2

A.

(Moscow:

N. Krestonikov, Studies in Physiology of Physical Exercise
State Publishing House, 1951), pp. 20-25,
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Depth Perception
No significant changes were found in the depth perception scores
as a result of exercise.

However, nearly all of the various conditions

of exercise showed a slight increase which would suggest that exercise
impairs depth perception.

This suggestion was tentatively supported

3
by Tussing's

findings which showed that basketball and football

players' depth perception was impaired after exercise, indicating
impairment of depth perception with fatigue.
literature was not available.

Further support in the

Most of the literature reviewed merely

concluded that depth perception distinguished the skilled performer
4
from the unskilled performer.

Since skill was not a factor in this

study, this conclusion could not be tested.

Relationship Between Peripheral
Vision and Depth Perception
No correlation was found between resting peripheral vision and
resting depth perception.

However, a significant negative correlation

of -.53 was found between peripheral vision and depth perception after
exercise.

This indicated that as peripheral vision improved depth

Lyle Tussing, "The Effect of Football and Basketball on Vision,"
Research Quarterly, 11:16-18, March, 1940.
4

Bryant J. Crathy, Movement Behavior and Motor Learning (2d ed,;
Philadelphia: Lea and Febiger, 1967), p. 99; Einar Olsen, "The
Relationship Between Certain Psychological Capacities and Success in
College Athletics," Research Quarterly, 27:79-89, March, 1956; Samuel
Winograd, "The Relationship of Timing and Vision to Baseball Per
formers," Research Quarterly, 13:481-93, December, 1942, Donna M.
Miller, "The Relationship Between Some Visual Perceptual Factors and
the Degree of Success Realized by Sports Performers," (unpublished
Doctor's dissertation, University of Southern California, 1960),
pp. 153-75.
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perception decreased after exercise.
findings of McClure

5

and Low

6

This finding contradicted the

who reported that peripheral perception

was independent of the skills of acuity, depth perception, and color
discrimination.

CONCLUSIONS

Within the limitations of this study the following conclusions
were considered appropriate:
1.

Exercise improves peripheral vision.

2.

Various conditions of duration and intensity of exercise

from a very mild, short period of exercise to a strenuous, prolonged
work-bout apparently have no differential effects on peripheral vision
improvement.
3.

Exercise

has no significant effect upon depth perception.

4.

It appears that a negative relationship between peripheral

vision and depth perception develops as a result of exercise.

RECOMMENDATIONS

1.

It was recommended that an investigation of the duration of

the after effects of exercise upon peripheral vision and depth perception
be made.

5
John A. McClure, "The Development and Standardization of a
New Type Test for Peripheral Vision," Journal of Applied Physiology,
30:340, 1946.
g

Frank N. Low, "The Peripheral Visual Acuity of 100 Subjects,"
American Journal of Physiology, 140:84-88, October, 1943.

2,

It was recommended that a comparison between male athletes

and female athletes be made on peripheral vision and depth perception
after exercise.
3.

It was recommended that an investigation be made into the

negative relationship between peripheral vision and depth perception
which develops as a result of exercise.
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APPENDIX

APPENDIX A
Means for the Various Comparisons Made in the Two 2 x 3 x 3 Pactorial Analyses of'
Covariance for Two Orders of Test Administration, Three Intervals of Time,
Three Intensities of Exercise, and the Interaction
for Peripheral Vision and Depth Perception

Source

Rest P

Ex. P

Rest D

Ex. D

Diff. P

Diff. D

Order
1
2

4.84
4.77

4.22
4.32

0.81
0.77

0.90
0.78

-0.62
-0.45

0.09
0.01

Time
5
10
15

4.48
5.07
4.86

3.97
4.52
4.31

0.77
0.66
0.93

0.87
0.70
0.96

-0.51
-0.55
-0.55

0.10
0.04
0.03

Order x Time
1
5
1
10
15
1
2
5
10
2
z.
15

4.36
5.29
4.87
4.60
4.86
4.85

3.69
4.78
4.18
4.25
4.27
4.44

0.77
0.68
0.97
0.78
0.63
0.89

0.89
0.74
1.09
0.85
0.66
0.83

-0.67
-0.51
-0.69
-0.35
-0.59
-0.40

0.11
0.06
0.11
0.06
0.03
0.07

Heart
130
160
180

5.02
4.88
4.52

4.47
4.40
3.93

0.82
0.77
0.77

0.80
0.84
0.88

-0.55
-0.48
-0.59

-0.02
0.07
0.11

o

APPENDIX A (continued)

Source

Rest P

Ex. P

Rest D

Ex. D

Diff. P

Diff. D

Order x Heart
130
1
160
1
1
180
130
2
2
160
2
180

5.19
4.92
4.42
4.85
4.84
4.62

4.54
4.36
3.75
4.40
4.45
4.11

0.89
0.71
0.82
0.76
0.83
0.72

0.88
0.83
1.00
0.72
0.85
0.76

-0.65
-0.56
-0.67
-0.45
-0.39
-0.51

-0.01
0.12
0.19
-0.03
0.02
0.04

Time x Heart
5
130
5
160
180
5
130
10
10
160
10
180
130
15
160
15
180
15

4.46
4.67
4.31
5.95
5.02
4.26
4.65
4.95
4.98

3.97
4.13
3.81
5.47
4.57
3.54
3.98
4.51
4.45

.0.83
0.81
0.67
0.72
0.55
0.70
0.92
0.95
0.92

0.92
0.94
0.73
0.58
0.60
0.92
0.91
0.98
0.99

-0.49
-0.54
-0.50
-0.48
-0.45
-0.72
-0.67
-0.44
-0.53

0.09
0.13
0.06
-0.14
0.05
0.22
-0,02
0.02
0.06

Order x Time x Heart
1
5
130
1
5
160
1
5
180
10
130
1
1
10
160
10
180
1
15
130
1
15
160
1

4.58
4.43
4.08
6.16
4.50
4.30
4.82
4.92

3.91
3.73
3.44
5.60
5.14
3.59
4.10
4.21

0.92
0.72
0.66
0.63
0.69
0.74
1.14
0.72

1.03
0.86
0.76
0.44
0.70
1.08
1.18
0.92

-0.67
-0.70
-0.64
-0.57
-0.26
-0.71
-0,71
-0.72

0.11
0.14
0.11
-0.18
0.01
0.34
0.03
0.20

APPENDIX A (continued)

Source

Order x Time x Heart
1
15
180
2
5
130
2
5
160
2
5
180
2
10
130
2
10
160
2
10
180
2
15
130
2
15
160
2
15
180

Rest P

4.88
4.34
4.91
4.55
5.73
4.64
4.22
4.48
4.98
5.08

Ex. P

4.24
4.02
4.54
4.18
5.34
3.99
3.49
3.85
4.82
4.66

Rest D

1.05
0.75
0.90
0.69
0.81
0.42
0.66
0.71
1.18
0.80

Ex. D

1.16
0.82
1.02
0.70
0.72
0.50
0.76
0,64
1.03
0.81

Diff. P

Diff. D

-0.65
-0.31
-0.38
-0.36
-0,39
-0.65
-0.73
-0.63
-0.16
-0.42

0.11
0.07
0.12
0.01
-0.10
0.09
0.10
-0.07
-0.15
0.01
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